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57 ABSTRACT

A feeling deduction unit 100 deduces a user’s feeling. An
internal state management unit 110 manages an internal state
of'an object and an internal state of a user on the basis of the
deduced user’s feeling. An action management unit 120
determines an action of the object on the basis of the internal
state of the object. An output processing unit 140 causes the
object to perform the action determined by the action
management unit 120.
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OBJECT CONTROL SYSTEM AND OBJECT
CONTROL METHOD

TECHNICAL FIELD

[0001] The present invention relates to technology for
controlling an action of an object that is an actual object or
a virtual object.

BACKGROUND ART

[0002] In order to construct a good relationship with other
people, it is said that a “joint viewing experience” in which
people see the same thing is effective instead of a “face-to-
face relationship.” It is known that by seeing the same thing
at the same place and empathizing with each other, the
distance to the other people is shortened and affinity with the
other people is increased.

SUMMARY

Technical Problems

[0003] The inventor has focused on possibility of utilizing
a robot as a joint viewing player who experiences sympathy
with a user. For example, it is expected that the user’s
affinity with the robot is increased and motivation for
playing a game is enhanced by the robot viewing the game
play next to the user and being pleased or sad together with
the user. Further, regarding not only the game but also a
movie, a television program, or the like, it is expected that
the user may enjoy content mere by viewing the content with
the robot as compared to the case of viewing it alone.
[0004] The present invention has been made in view of
these problems, and an object of the present invention to
provide a technology that allows the user to obtain a joint
viewing experience with the object such as a robot.

Solution to Problems

[0005] In order to solve the above problems, an aspect of
the present invention is an object control system for con-
trolling an object, the object control system including: a
feeling deduction unit configured to deduce a user’s feeling;
a user internal state storage unit configured to store an
internal state of the user including the user’s feeling; an
object internal state storage unit configured to store an
internal state of the object including an object’s feeling; an
internal state management unit configured to manage the
internal state of the object and the internal state of the user
on the basis of the deduced user’s feeling; an action man-
agement unit configured to determine an action of the object
on the basis of the internal state of the object; and an output
processing unit configured to cause the object to perform the
action determined by the action management unit.

[0006] Another aspect of the present invention is an object
control method. The method includes; a step of deducing a
user’s feeling; a step of managing an internal state of the
user including the user’s feeling; a step of managing an
internal state of an object including an object’s feeling; a
step of updating the internal state of the object and the
internal state of the user on the basis of the deduced user’s
feeling; a step of determining an action of the object on the
basis of the internal state of the object; and a step of causing
the object to perform the determined action.

[0007] In addition, it is also effective as an aspect of the
present invention to convert any combination of the above-
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described components and a representation of the present
invention into any of a method, an apparatus, a system, a
computer program, a recording medium in which the com-
puter program is readably recorded, a data structure, etc.

BRIEF DESCRIPTION OF DRAWINGS

[0008] FIG. 1 illustrates a diagram of an example of
appearance at an actual object.

[0009] FIG. 2 illustrates a diagram for explaining an
outline of an object control system.

[0010] FIG. 3 illustrates a diagram of an input/output
system of a robot.

[0011] FIG. 4 illustrates a diagram of a configuration of
the object control system that controls an object.

[0012] FIG. 5 illustrates a diagram at an example of an
appearance form of a head mounted display (HMD).

DESCRIPTION OF EMBODIMENTS

[0013] An object control system of an embodiment pro-
vides a mechanism for achieving a joint viewing experience
with an actual object or a virtual object. The actual object
may be a human-type pet-type robot, and is preferable to be
able to output at least audio and to move an arm, a leg, a
neck, etc., by having ca motor at a joint portion. A user
places a robot nearby and views contents together, while the
robot communicates with the user by outputting a reaction to
empathize with the user or outputting a reaction against the
user conversely, on the basis of a deduced user’s feeling.
[0014] The virtual object, may be a character such as a
person or a pet including a three-dimensional (3D) model,
and exists in a virtual space generated by a computer. In the
embodiment, in the virtual space constructed when the user
wears an HMD, a mechanism is proposed in which the
content is reproduced in front of the user, and when the user
turns sideways, the user may see how the virtual character
is viewing the content together with the user. Similarly to the
robot, the virtual character also communicates with the user
by outputting the reaction to empathize with the user or
outputting the reaction against the user conversely.

[0015] FIG. 1 illustrates a diagram of an example of
appearance of the actual object. This object is a human-type
robot 20, and includes a speaker for outputting audio, a
microphone for inputting audio of the outside world, and a
drive mechanism that includes a motor for moving each joint
or a link for connecting the motors, etc. The robot 20
preferably has an interactive function to talk with the user,
and more preferably has an autonomous movement function.
[0016] FIG. 2 illustrates a diagram for explaining an
outline of the object control system 1. FIG. 2 illustrates a
situation in which the user sits on a sofa playing the game
and the robot 20 sits on the same sofa viewing the user
playing the game. Ideally, the robot 20 has such an advanced
autonomous movement function as to be seated on the sofa
by itself. If the robot 20 does not have such a function, the
user carries the robot 20 on the sofa and causes the robot 20
to sit next to the user. The robot 20 may participate in the
game as a virtual player and for example, may virtually
operate the opponent team of a baseball game being played
by the user.

[0017] An information processing apparatus 10 receives
operation information being input to an input apparatus 12
by the user, and performs an application such as a game.
Note that the information processing apparatus 10 may
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reproduce content media such as a digital versatile disc
(DVD), or may connect a network to reproduce streaming
content from the content server. A camera 14 is a stereo
camera, and photographs the user sitting in front of a display
apparatus 11 which is a television at a predetermined cycle,
and provides a photographed image to the information
processing apparatus 10.

[0018] The object control system 1 controls an action of
the robot 20 that is an actual object, by deducing the feeling
from the reaction of the user. Basically, the action of the
robot 20, which supports the game play of the user, is
controlled so as to be pleased with the user for expressing
sympathy for the user, and to provide the user with the joint
viewing experience. Note that the object control system 1 of
the embodiment manages the internal states of the robot 20
and the user. For example, if the robot 20’s popularity rating
for the user is low, the object control system 1 controls the
action so as not to be pleased (no sympathy) together even
when the user is pleased. Note that, in a case in which the
robot 20 virtually participates in the game as an opponent
player of the user, the action may be controlled so as to be
sad conversely when the user is pleased. Basically, the robot
20 expresses feeling by contents of the speech indicating
feeling, but may express feeling by moving its body.
[0019] FIG. 3 illustrates a diagram of an input/output
system of the robot 20. A control unit 30 is a main processor
that processes and outputs various data such as audio data
and sensor data, and an instruction. A microphone 22
collects surrounding audio and converts it into an audio
signal, and a camera 24 photographs the surrounding and
acquires a photographed image. A storage unit 26 tempo-
rarily stores data and instructions processed by the control
unit 30. A communication unit 32 transmits data being
output from the control unit 30 to the external information
processing apparatus 10 by wireless communication via an
antenna. The communication unit 32 also receives the audio
data and drive data from the information processing appa-
ratus 10 by wireless communication via the antenna, and
outputs the data to the control unit 30.

[0020] When receiving the audio data, the control unit 30
provides the audio to a speaker 36 and causes the speaker 36
to output the audio. When receiving the drive data, the
control unit 30 causes a motor of a drive mechanism 34 to
be rotated. The drive mechanism 34 includes the motor
incorporated in the joint portion that is a movable part of the
robot 20 and a link mechanism for connecting the motors.
The arms, the leg, the neck, etc. of the robot 20 are moved
by driving the motor.

[0021] FIG. 4 illustrates a diagram of a configuration of
the object control system that controls the object. The object
control system 1 includes a feeling deduction unit 100, an
internal state management unit 110, an action management
unit 120, an internal state storage unit 130, and an output
processing unit 140. The internal state storage unit 130 has
an object internal state storage unit 132 and a user internal
state storage unit 134. The feeling deduction unit 100
includes a first feeling deduction unit 102, a second feeling
deduction unit 104, and a third feeling deduction unit 106,
and performs a process of deducing feelings with these three
systems.

[0022] The object control system 1 also includes the
camera 14 for photographing the user, a biological sensor 15
for detecting biological information of the user, a motion
sensor 16 for detecting a motion of the user, a microphone
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17 for acquiring audio signals around the user, and an event
detection unit 40 for detecting occurrence of an event.
[0023] In FIG. 4, each clement, being described as a
functional block that performs various processing, may
include, a circuit block, a memory, other large-scale inte-
grated circuits (LSIs) in terms of hardware, and may be
achieved by a program loaded into the memory, etc., in
terms of software. Therefore, it is understood by the person
skilled in the art that these functional blocks may be
achieved in various forms by only hardware, only software,
or a combination thereof, and is not limited to any of them.
[0024] In FIG. 4, each configuration of the feeling deduc-
tion unit 100, the internal stare management unit 110, the
action management unit 120, the internal state storage unit
130, and the output processing unit 140 is provided in the
information processing apparatus 10, and the Information
processing apparatus 10 may control the action of the robot
20. Further, each configuration of the feeling deduction unit
100, the internal state management unit 110, the action
management unit 120, the internal state storage unit 130, and
the output processing unit 140 is provided in the robot 20,
and the robot 20 may control its own action autonomously.
In this case, the robot 20 includes an autonomous robot and
may act alone. In addition, a part of the feeling deduction
unit 100, the internal state management unit 110, the action
management unit 120, the internal state storage unit 130, and
the output processing unit 140 may be provided in the
information processing apparatus 10, and the rest may be
provided in the robot 20. In this case, the information
processing apparatus 10 and the robot 20 cooperate with
each other and operate to control the action of the robot 20.
[0025] Thus, the object control system 1 illustrated in FIG.
4 may be achieved in various manners. In a case in which
each of the above-described configurations is provided in the
information processing apparatus 10, it is sufficient that the
audio signal acquired by the microphone 22 of the robot 20
and the photographed image that is photographed by the
camera 24 may be transmitted to the information processing
apparatus 10 for use in processing in the information pro-
cessing apparatus 10. Further, in a case in which each of the
above-described configurations is provided in the robot 20,
it is sufficient that the audio signal acquired by the micro-
phone 17 connected to the information processing apparatus
10 and the photographed image that is photographed by the
camera 14 may be transmitted to the robot 20 for use in
processing in the robot 20. In addition, it is sufficient that the
audio signal or the photographed image may be acquired by
a microphone or a camera other than illustrated and may be
provided to the information processing apparatus 10 or the
robot 20. In the following, for convenience of explanation,
as a representative, the camera 14 photographs the user, and
the microphone 17 collects the user’s utterance and converts
it into the audio signal.

[0026] The feeling deduction unit 100 deduces the user’s
feeling on the basis of the outputs of various sensors and
data from an external server. The feeling deduction unit 100
deduces the user’s feeling by deriving an evaluation value
for each of feeling indexes such as joy, anger, love, and
surprise. In the embodiment, the user’s feeling is expressed
by a simple model, and the feeling deduction unit 100
deduces the user’s feeling from three evaluation values:
good feeling (positive feeling), bad feeling (negative feel-
ing), and neither good nor bad feeling (neutral feeling). Note
that in a practical use, each of “positive” and “negative” may
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be subdivided into a plurality of stages, allowing fine
evaluation values to be derivable.

[0027] The first feeling deduction unit 102 deduces the
user’s feeling by performing nonverbal action understanding
based on paralinguistic information or nonverbal informa-
tion on the basis of outputs of various sensors, i.e., outputs
of the camera 14 that is an image sensor, the biological
sensor 15, the motion sensor 16, and the microphone 17. As
compared with the second feeling deduction unit 104, the
first feeling deduction unit 102 is characterized in that the
user’s feeling is deduced not being on the basis of the
contents of the speech.

[0028] The first feeling deduction unit 102 extracts
changes in facial expression, a gaze direction, a hand
gesture, etc., of the user from the photographed image of the
camera 14 and deduces the user’s feeling. The biological
sensor 15 is attached to the user and detects biological
information such as a user’s heart rate and user’s sweating
state. The first feeling deduction unit 102 derives the user’s
mental state from the biological information and deduces the
user’s feeling. The motion sensor 16 is attached to the user
and detects the user’s motion, and the first feeling deduction
unit 102 deduces the user’s feeling from the user’s motion.
Note that a role of the motion sensor 16 may also be
substituted by analyzing the photographed image of the
camera 14. Further, the first feeling deduction unit 102
deduces the user’s feeling from the audio signal of the
microphone 17 using a feature amount of the paralinguistic
information. The paralinguistic information includes infor-
mation such as speech speed, volume, voice inflection,
intonation, wording, etc. The first feeling deduction unit 102
collects the user’s feeling deduced from each of the outputs
of the various sensors as one evaluation value for each
evaluation index, and provides the evaluation value to the
internal state management unit 110.

[0029] The second feeling deduction unit 104 deduces the
user’s feeling on the basis of the contents of the user’s
speech. More specifically, the second feeling deduction unit
104 performs natural language understanding for audio
analysis of the contents of the user’s speech from the output
of the microphone 17, and then, deduces the user’s feeling.
Known algorithms may be used for natural language under-
standing techniques. If the user speaks that “I did it. I’ve got
a home run” while playing the baseball game, the second
feeling deduction unit 104 may deduce the feeling of the
“joy” index of the user as “positive,” whereas if the user
speaks that “I have given up a home run,” the second feeling
deduction unit 104 may deduce the feeling of the “joy” index
of the user as “negative.” The second feeling deduction unit
104 provides the evaluation value of the deduced user’s
feeling to the internal state management unit 110.

[0030] The event detection unit 40 detects occurrence of
the event in the object control system 1 and notifies the third
feeling deduction unit 106 of contents of the occurred event.
Regarding a game event, by performing the game program
on an emulator, the emulator may detect an event such as a
home run, so that the event detection unit 40 may be notified
of the event from the emulator. Note that the event detection
unit 40 may detect a home run event by referring to an access
to performance data being reproduced at the time of a home
run, or by the performance actually displayed on the display
apparatus 11. The third feeling deduction unit 106 deduces
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the user’s feeling from the notified event contents, and
provides the evaluation value to the internal state manage-
ment unit 110.

[0031] Note that the event detection unit 40 may be
provided with an event occurrence timing from the external
server that stores big data. For example, in a case in which
the information processing apparatus 10 reproduces movie
content, the event detection unit 40 acquires, in advance
from the external server, a correspondence relationship table
between time information of a scene of interest of the movie
content and a deduced user’s feeling in the scene of interest.
The information processing apparatus 10 provides the cor-
respondence relationship table to the third feeling deduction
unit 106. When the time of the scene of interest arrives, the
event detection unit 40 notifies the third feeling deduction
unit 106 of the time information. The third feeling deduction
unit 106 refers to the correspondence relationship table to
acquire the user’s feeling being associated with the time
information, and deduces the user’s feeling in the scene of
interest. As described above, the third feeling deduction unit
106 may deduce the user’s feeling on the basis of the
information from the external server.

[0032] In the internal state storage unit 130, the object
internal state storage unit 132 stores an internal state of the
robot 20 that is an object, and the user internal state storage
unit 134 stores an internal state of the user. The internal state
of the robot 20 is defined at least by the feeling of the robot
20 and the robot 20’s popularity rating for the user, and the
internal state of the user is defined by the user’s feeling and
the user’s popularity rating for the robot 20. The popularity
rating is generated on the basis of evaluation values of a
plurality of the latest feelings up to the present, and is
evaluated by a long-term relationship between the user and
the robot 20. The internal state of the robot 20 is derived
from the speech and action of the user with respect to the
robot 20.

[0033] The internal state management unit 110 manages
the internal state of the robot 20 and the internal state of the
user on the basis of the user’s feeling deduced by the feeling
deduction unit 100. Hereinafter, the internal state of the user
will be described first, and then, the internal state of the
robot 20 will be described. The “feeling” of the user is set
by the feeling deduced by the feeling deduction unit 100.
The internal state management unit 110 updates the evalu-
ation value in the user internal state storage unit 134 on the
basis of the feeling deduced by the feeling deduction unit
100.

[0034] When the evaluation value of “positive” is pro-
vided from the feeling deduction unit 100 for the feeling
index of the user, the internal state management unit 110
updates the evaluation value of the feeling index to “posi-
tive,” and when the evaluation value of “negative” is pro-
vided, the internal state management unit 110 updates the
evaluation value of the feeling index to “negative.” Here,
“update” means a process of overwriting the original evalu-
ation value in the internal state storage unit 130. Even in a
case in which the original evaluation value is “positive” and
the evaluation value to be overwritten is “positive,” i.e.,
there is no change in the evaluation value, such case is called
to “update” the evaluation value.

[0035] Note that the feeling deduction unit 100 deduces
the user’s feeling with the three systems including the first
feeling deduction unit 102, the second feeling deduction unit
104, and the third feeling deduction unit 106, so that it may



US 2020/0114520 Al

be possible that the evaluation values of the user’s feeling
deduced in each system contradict each other. Hereinafter,
evaluation value update processing regarding the “joy”
index when the user gets a home run in the baseball game
will be described.

[0036] The third feeling deduction unit 106 holds an
evaluation value table for deducing feeling as “positive” in
a case in which the user gets a home run and as “negative”in
a case in which the user gives up a home run. Upon receiving
the event notification that the user has got a home run from
the event detection unit 40, the third feeling deduction unit
106 deduces the evaluation value of the “joy” index as
“positive” with reference to the evaluation value table.

[0037] Usually, when the user gets a home run, the user
expresses feeling of the joy such as moving the body and
chattering or saying, “I did it. I’ve got a home run.” At this
time, the first feeling deduction unit 102 and the second
feeling deduction unit 104 both deduce the evaluation value
of the “joy” index as “positive.” Therefore, the evaluation
values of the ‘joy’ index provided to the internal state
management unit 110 from the feeling deduction unit 100
via the three systems are all “positive,” and the internal state
management unit 110 updates the evaluation value of the
“joy” index in the user internal state storage unit 134 to
“positive.”

[0038] However, in a case in which the user is aiming for
anything other than a home run, the user may not always
express the speech and action of joy. For example, when the
user is aiming for a triple hit in order to establish a cycle hit
(one batter will get an one-base hit, a two-base hit, a
three-base hit, and a home run in one game), the user may
not be pleased even if the user get a home run. In the game,
besides winning and losing, there are also provided rules for
commending a special play such as a cycle hit, in many
cases. Accordingly, a user who is aiming for awards may be
happier with a three-base hit than a home run. Thus, when
the user who got a home run speaks “Oops. I’ve got a home
run” dispiritedly, the first feeling deduction unit 102 and the
second feeling deduction unit 104 both deduce the evalua-
tion value of the “joy” index as “negative.”

[0039] Therefore, the internal state management unit 110
is provided with the “negative” evaluation value from the
first feeling deduction unit 102 and the second feeling
deduction unit 104, and the “positive” evaluation value from
the third feeling deduction unit 106. The internal state
management unit 110 may adopt an evaluation value that
matches with half or more of the evaluation values being
provided from the three systems. That is, the internal state
management unit 110 may adopt an evaluation value that
matches with half or more of the evaluation values being
independently provided from a plurality of systems, accord-
ing to a majority rule. Therefore, in this case, the evaluation
value of the “joy” index may be updated to “negative.”

[0040] Note that the internal state management unit 110
may set priorities to the evaluation values provided from the
three systems, and may determine the evaluation value to be
adopted according to the priorities. The ranking of each
evaluation value will be described below. First, the evalua-
tion value deduced by the third feeling deduction unit 106 is
a unique evaluation value defined for the event, and does not
reflect the actual state of the user. Therefore, the evaluation
value deduced by the third feeling deduction unit 106 may
be set to the lowest priority to be adopted.
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[0041] Next, when the first feeling deduction unit 102 and
the second feeling deduction unit 104 are compared, the
second feeling deduction unit 104 deduces feeling on the
basis of only the contents of the user’s speech, and there is
an aspect that an amount of information for the deduction is
small. In addition, even if the contents of the speech them-
selves are positive contents, the user may speak self-abu-
sively, in some cases. For example, there are some cases
where although the user was aiming for a three-base hit, the
user speaks “I’ve got a home run” dropping the user’s
shoulder dispiritedly. In this case, the second feeling deduc-
tion unit 104 deduces the “positive” evaluation value, but the
first feeling deduction unit 102 deduces the “negative”
evaluation value from the user’s attitude or the paralinguistic
information. As described above, since the user may speak
a word contrary to emotion, the internal state management
unit 110 may set reliability of the evaluation value by the
first feeling deduction unit 102 higher than reliability of the
evaluation value by the second feeling deduction unit 104.
Therefore, the internal state management unit 110 may set
the priority in the order of the evaluation values according
to the first feeling deduction unit 102, the second feeling
deduction unit 104, and the third feeling deduction unit 106.

[0042] The internal state management unit 110 may update
the internal state of the user by setting the priority if the
evaluation value may be obtained by at least one system. In
a case in which the user’s feeling deduced by the first feeling
deduction unit 102 does not match with the user’s feeling
deduced by the second feeling deduction unit 104, the
internal state management unit 110 updates the internal state
of the user on the basis of the user’s feeling deduced by the
first feeling deduction unit 102 according to the priority.
Also, for example, when the user gets a home run, in a case
in which the first feeling deduction unit 102 and the second
feeling deduction unit 104 may not deduce the positive or
negative user’s feeling (in a case in which the user neither
moves nor speaks at all), it is sufficient that the internal state
management unit 110 adopts the evaluation value deduced
by the third feeling deduction unit 106.

[0043] The user’s “popularity rating” for the robot 20 is
derived from a plurality of the evaluation values of the
feeling deduced from the speech and action performed by
the user on the robot 20 up until the present time. A name of
the robot 20 is assumed to be “Hikoemon” in the following
description. When the robot 20 speaks to the user, if the user
responds as “Hikoemon, that’s exactly what you say,” the
feeling deduction unit 100 deduces that the evaluation value
of the user’s “love” index is “positive,” whereas if the user
responds as “Hikoemon, you’re noisy, be quiet,” the feeling
deduction unit 100 deduces that the evaluation value of the
user’s “love” index is “negative.” Also, when the robot 20
speaks to the user as “Please charge me soon,” if the user
charges the robot 20 immediately, the feeling deduction unit
100 deduces that the evaluation value of the user’s “love”
index to “positive,” whereas if the user does not charge
immediately, the feeling deduction unit 100 deduces that the
evaluation value of the user’s “love” index to “negative.”
Furthermore, if the user strokes the head of the robot 20, the
feeling deduction unit 100 deduces that the evaluation value
of the user’s “love” index is “positive,” whereas if the user
kicks the robot 20, the feeling deduction unit 100 deduces
that the evaluation value of the user’s “love” index to
“negative.”
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[0044] When receiving the evaluation value of the user’s
“love” index from the feeling deduction unit 100, the
internal state management unit 110 reflects the evaluation
value on the user’s popularity rating. The internal state
management unit 110 stocks the plurality of the evaluation
values of the “love” index up until the present time, and
deduces, for example, the user’s popularity rating for the
robot 20 on the basis of the plurality of the latest evaluation
values (e.g., 21 evaluation values). Here, among the plural-
ity of the evaluation values excluding the neutral evaluation
value, the evaluation value having the larger number of the
positive evaluation value and the negative evaluation value
may be set as the evaluation value of the popularity rating.
That is, if there are 11 or more positive evaluation values
among the latest 21 evaluation values, the evaluation value
of the popularity rating may be set as “positive,” whereas if
there are 11 or more negative evaluation values, the evalu-
ation value of the popularity rating may be set as “negative.”

[0045] The above is the description of the internal state of
the user, and then the internal state of the robot 20 will be
described.

[0046] The robot 20°s “popularity rating” for the user is
derived from the plurality of the evaluation values of the
feeling deduced from the speech and action performed by
the user on the robot 20 up until the present time. The
internal state management unit 110 receives the evaluation
value of the “love” index from the feeling deduction unit
100, and reflects the evaluation value on the robot 20’s
popularity rating for the user. The robot 20’s popularity
rating for the user tends to be linked to the user’s popularity
rating for the robot 20 described above. The internal state
management unit 110 stocks the plurality of the evaluation
values of the “love” index up to the present time, and
determines the robot 20’s popularity rating for the user on
the basis of, for example, the plurality of the latest evalua-
tion values (e.g., 11 evaluation values). Here, the reason for
reducing the number of the evaluation values to be referred
to when deducing the user’s popularity rating is to make it
easy to change the robot 20’s popularity rating for the user.
The robot 20’s popularity rating for the user is an important
parameter in determining the robot 20’s feeling. Note that
the popularity rating for the user may be evaluated not only
by “positive” and “negative” but also by each of “positive”
and “negative” in the plurality of stages.

[0047] In the embodiment, if the robot 20’s popularity
rating for the user is positive, the robot 20 empathizes with
the user and performs action to achieve the joint viewing
experience, while if the popularity rating for the user is
negative, the robot 20 does not empathize with the user, but
rather performs the action to react against the user. The
action management unit 120 determines the action including
the audio output of the robot 20 on the basis of the internal
state of the robot 20 and the internal state of the user.

[0048] The action of the robot 20 when the user gets a
home run in the baseball game will be described. The feeling
deduction unit 100 deduces that the evaluation value of the
“joy” index is “positive,” and the internal state management
unit 110 updates the evaluation value of the “joy” index of
the user to “positive.” Further, the internal state management
unit 110 determines the evaluation value of the “joy” index
of the robot 20 with reference to the evaluation value of the
“joy” index of the user and the evaluation value of the robot
20’s popularity rating for the user.

Apr. 16, 2020

[0049] <In a Case in Which the Popularity Rating for the
User is Positive>

[0050] In the case that the robot 20°s popularity rating for
the user is set to be positive, the internal state management
unit 110 manages the robot 20’s feeling so as to empathize
with the user’s feeling. Therefore, if the evaluation value of
the “joy” index of the user is updated to be positive, the
internal state management unit 110 also updates the evalu-
ation value of the “joy” index of the robot 20 to be positive.
Upon updating the internal state of the robot 20, the internal
state management unit 110 provides the action management
unit 120 with trigger information indicating that it is time to
determine the action of the robot 20. Upon receiving the
trigger information, the action management unit 120 deter-
mines the action of the robot 20 including the audio output
on the basis of the internal state of the robot 20 updated in
the object internal state storage unit 132, specifically, on the
basis of the evaluation value of the updated feeling. For
example, the action management unit 120 generates the
contents of the speech “ox(player’s name) is awesome. He
has got a home run,” and determines the action as the
movement of the robot 20 with arms up in the air twice.
These contents of the speech and the movements are notified
to the output processing unit 140, and the output processing
unit 140 causes the robot 20 to perform the action deter-
mined by the action management unit 120.

[0051] The output processing unit 140 generates the audio
data for controlling the output timing of the robot 20 such as
a speech speed and each timing of the speech and the
movement, etc., and the drive data for driving the robot 20,
to output the data to the robot 20. When the communication
unit 32 in the robot 20 receives the audio data and the drive
data, the control unit 30 provides the audio data to the
speaker 36 so as to cause the speaker 36 to output the audio,
and cause the motor of the drive mechanism 34 to be driven
on the basis of the drive data. Accordingly, the robot 20
performs the speech and the movement that empathizes with
the user who has got a home run. The user sees the robot 20
being pleased together, and the affinity with the robot 20 as
well as the motivation for the game may be increased.
[0052] Conversely, in a case in which the user gives up a
home run, the evaluation value of the “joy” index of the user
is updated to negative, so that the internal state management
unit 110 updates the evaluation value of the “joy” index of
the robot 20 to negative. Upon updating the internal state of
the robot 20, the internal state management unit 110 pro-
vides the action management unit 120 with the trigger
information. Thereby, the action management unit 120
determines the action including the audio output of the robot
20 on the basis of the evaluation value of the “joy” index of
the robot 20 updated in the object internal state storage unit
132. For example, the action management unit 120 generates
the contents of the speech “Oh no. You’ve given up a home
run,” and determines, as the movement of the robot 20, the
action that causes weakness in a dejected manner. These
contents of the speech and movements are notified to the
output processing unit 140, and the output processing unit
140 causes the robot 20 to perform the action determined by
the action management unit 120.

[0053] <In a Case in Which the Popularity Rating for the
User is Negative>

[0054] In contrast, in a case in which the robot 20’s
popularity rating for the user is set to be negative, the
internal state management unit 110 manages the robot 20°s
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feeling so as not to empathize with the user’s feeling. The
internal state management unit 110 rather manages the robot
20’s feeling so as to react against the user, thereby allowing
the user to realize that the user should treat the robot 20 more
carefully.

[0055] Therefore, even if the evaluation value of the “joy”
index of the user who has got a home run is updated to
positive, the internal state management unit 110 updates the
evaluation value of the “joy” index of the robot 20 to
negative. If the robot 20’s popularity rating for the user is
negative, the internal state management unit 110 updates the
evaluation value of the robot 20°s feeling to a value opposite
to the evaluation value of the user’s feeling. Therefore, if the
feeling evaluation value of the user is positive, the feeling
evaluation value of the robot 20 may updated negative. If the
feeling evaluation value of the user is negative, the feeling
evaluation value of the robot 20 may be updated positive.
[0056] Upon updating the internal state of the robot 20, the
internal state management unit 110 provides the action
management unit 120 with trigger information indicating
that it is time to determine the action of the robot 20.
Accordingly, the action management unit 120 determines
the action including the audio output of the robot 20 on the
basis of the internal state of the robot 20 updated in the
object internal state storage unit 132, specifically, the nega-
tive evaluation value of the “joy” index. For example, the
action management unit 120 may not generate the contents
of the speech (i.e., ignore the user), and may determine the
action as the movement of the robot 20 to turn in the
opposite direction to the user (turn to the other side). These
contents of the action are notified to the output processing
unit 140, and the output processing unit 140 causes the robot
20 to perform the action determined by the action manage-
ment unit 120.

[0057] Seeing this action of the robot 20, the user notices
that the robot 20 is not pleased with the user this time,
although the robot 20 was pleased together before. The user
looks back at the user’s own attitude and recognises that the
robot 20 is not pleased together with the user because of the
user’s cold contact with the robot 20. By causing the robot
20 to react against the user by dare, an opportunity for the
user to keep in mind to gently treat the robot 20 from now
on is given to the user.

[0058] Thus, in the object control system 1, the relation-
ship between the user and the robot 20 is managed in the
same manner as the human relationship in an actual human
society. In the communication between people in real world,
a good relationship is generated by coming in contact with
each other with consideration for each other. If one is not
considerate, the other will not be able to be considerate. In
the object control system 1, this considerateness is expressed
by the feeling of the “love” index, and the human relation-
ship through the considerateness is expressed by the “popu-
larity rating” index. Therefore, the evaluation value of the
user’s popularity rating in the object control system 1 and
the evaluation value of the robot 20’s popularity rating also
tend to be linked. In a case in which the robot 20’s popularity
rating for the user is lowered, the evaluation value for the
popularity rating for the user is improved from negative to
positive by the user coming in contact with the robot 20 with
more consideration, and then, the user may get again the
joint viewing experience together with the robot 20.
[0059] The robot 20 may be a kind of a friend by increas-
ing the user’s affinity with the robot 20. If the user is living
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an irregular life, the robot 20 may propose improvement of
the life rthythm, for example, saying “Let’s go to bed soon”
and such a case that the user listens to and accepts the robot
20 as advice from a friend may be also considered in the
future. In order to achieve such case described above,
constructing a mechanism to increase the user’s affinity with
the robot 20 through the joint viewing experience with the
robot 20 also leads to expanding the future possibilities of
the robot 20.

[0060] Note that, in the above-described embodiment,
although the mechanism is proposed in which the user
obtains the joint viewing experience with the robot 20 being
an actual object, a mechanism for obtaining the joint view-
ing experience between the virtual objects may be similarly
constructed.

[0061] In this case, the virtual object may be a character
such as a person or a pet including the 3D model, and exists
in the virtual space generated by the computer. In the
embodiment, in the virtual space constructed when the user
wears the HMD, the mechanism is proposed in which the
contents are reproduced in front of the user, and when the
user turns sideways, the user may see how the virtual
character is viewing the content together with the user.
Similarly to the robot 20, the virtual character also commu-
nicates with the user by outputting the reaction to empathize
with the user or outputting the reaction against the user
conversely.

[0062] FIG. 5 illustrates a diagram of an example of the
appearance form of the HMD 200. The HMD 200 includes
an output mechanism unit 202 and a mounting mechanism
unit 204. The mounting mechanism unit 204 includes a
mounting band 206 for fixing the HMD 200 to the head by
circling the head with being worn by the user.

[0063] The output mechanism unit 202 includes a housing
208 shaped to cover the left and right eyes in a state where
the user wears the HMD 200, and internally includes a
display panel which is located opposed to the eyes at the
time of wearing. The display panel may be a liquid crystal
panel or an organic electroluminescence (EL) panel. The
housing 208 further includes a pair of left and right optical
lenses located between the display panel and the user’s eyes
and enlarging a viewing angle of the user. The HMD 200
may further include a speaker or an earphone at a position
corresponding to the user’s ear and may be configured to be
connected with an external headphone. In addition, a camera
that photographs the face of the user is provided inside the
housing 208 and is used to detect a facial expression of the
user.

[0064] On an outer surface of the housing 208, light
emission markers 210a, 2105, 210¢, and 210d are provided,
which are tracking light emitting diodes (LEDs). The light
emission marker 210 is photographed by the camera 14, and
the information processing apparatus 10 analyzes a position
of each marker. Further, a posture sensor (acceleration
sensor and gyro sensor) is mounted on the HMD 200. The
HMD 200 is connected to the information processing appa-
ratus 10 by a known wireless communication protocol, and
transmits the sensor data detected by the posture sensor to
the information processing apparatus 10. The information
processing apparatus 10 identifies a direction in which the
HMD 200 faces on the basis of the photographed position of
the light emission marker 210 and the sensor data of the
posture sensotr.
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[0065] Here, the information processing apparatus 10
transmits content data such as a movie to the HMD 200. The
information processing apparatus 10 sets a reference direc-
tion in which the HMD 200 faces, and installs a virtual
display in the reference direction, and then, displays repro-
ducing data of content on the virtual display. Further, the
information processing apparatus 10 arranges the virtual
object facing the virtual display at a position rotated by 90
degrees with respect to the reference direction, for example,
around the viewpoint position. Accordingly, when the user
rotates the gaze direction sideways by 90 degrees, the user
may see the virtual object viewing content together next to
the user.

[0066] In this way, the user wearing the HMD 200 may
obtain the joint viewing experience with the virtual object.
The virtual object action determination process is as
described for the robot 20. In addition, since the degree of
freedom of action of the virtual object is higher than that for
the robot 20, the various positive or negative feeling may be
caused to be expressed.

[0067] As described above, according to the embodiment,
the user may increase the affinity with the actual object or
the virtual object through the joint viewing experience,
thereby the user’s life may be further enriched.

[0068] The present invention has been described above on
the basis of the embodiments. The embodiment is an exem-
plification, and it is understood by the person skilled in the
art that various modifications may be made to the combi-
nations of the respective constituent elements and the
respective processing processes and such modifications are
also within the scope of the present invention.

[0069] In the embodiment, the action management unit
120 generates the contents of the speech, “ox(player’s name)
is awesome. He has got a home run” as an empathic
expression when the user gets a home run. In the modified
example, in order to emphasize the joint viewing experience,
the action management unit 120 may actively cause the
object to output the audio in which a subject is replaced by
a demonstrative pronoun. Specifically, the expression of
“ox(player’s name)” may be replaced with “He,” which is
the demonstrative pronoun, to generate the contents of the
speech such as “He is awesome. He has got a home run.” By
using the demonstrative pronoun, the user may further
increase a sense of viewing together with the robot 20.

REFERENCE SIGNS LIST

[0070] 1 ... Object control system, 10 . . . Information
processing apparatus, 20 . . . Robot, 40 . . . Event detection
unit, 100 . . . Feeling deduction unit, 102 . . . First feeling
deduction unit, 104 . . . Second feeling deduction unit, 106
. . . Third feeling deduction unit, 110 . . . Internal state
management unit, 120 . . . Action management unit, 130 . .
. Internal state storage unit, 132 . . . Object internal state
storage unit, 134 . . . User internal state storage unit, 140 .
. . Output processing unit.

INDUSTRIAL APPLICABILITY

[0071] The present invention may be used in the technical
field in which an action of an object is controlled.
1. An object control system controlling an object, the
object control system comprising:
a feeling deduction unit configured to deduce a user’s
feeling;

Apr. 16, 2020

a user internal state storage unit configured to store an
internal state of the user including the user’s feeling;

an object internal state storage unit configured to store an
internal state of the object including an object’s feeling;

an internal state management unit configured to manage
the internal state of the object and the internal state of
the user on a basis of the deduced user’s feeling;

an action management unit configured to determine an

action of the object on a basis of the internal state of the
object; and

an output processing unit configured to cause the object to

perform the action determined by the action manage-
ment unit.

2. The object control system according to claim 1,
wherein

the internal state of the object includes an object’s popu-

larity rating for the user being derived from a plurality
of evaluation values of a feeling that is deduced up until
the present time, and

the internal state management unit determines the object’s

feeling according to the popularity rating.

3. The object control system according to claim 1,
wherein

upon updating the internal state, the internal state man-

agement unit provides the action management unit with
trigger information indicating that it is time to deter-
mine the action of the object, and

upon receiving the trigger information, the action man-

agement unit determines the action of the object.

4. The object control system according to claim 1,
wherein the feeling deduction unit includes:

a first feeling deduction unit configured to deduce the

user’s feeling on a basis of sensor output; and

a second feeling deduction unit configured to deduce the

user’s feeling on a basis of contents of a user’s speech,
and

the internal state management unit updates the internal

state of the object and/or the internal state of the user
on a basis of output of the first feeling deduction unit
and/or the second feeling deduction unit.

5. The object control system according to claim 4,
wherein

in a case in which the user’s feeling deduced by the first

feeling deduction unit does not match with the user’s
feeling deduced by the second feeling deduction unit,
the internal state management unit updates the internal
state of the user on a basis of the user’s feeling deduced
by the first feeling deduction unit.

6. The object control system according to claim 1,
wherein the object includes an actual object or a virtual
object.

7. The object control system according to claim 1,
wherein the action management unit causes the object to
output audio in which a subject is replaced by a demonstra-
tive pronoun.

8. An object control method comprising:

deducing a user’s feeling;

storing an internal state of the user including the user’s

feeling;

storing an internal state of an object including an object’s

feeling;

managing the internal state of the object and the internal

state of the user on a basis of the deduced user’s
feeling;
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determining an action of the object on a basis of the
internal state of the object; and

causing the object to perform the determined action.

9. A program for a computer, comprising:

by a feeling deduction unit, deducing a user’s feeling;

by a user internal state storage unit, storing an internal
state of the user including the user’s feeling;

by an object internal state storage unit, storing an internal
state of an object including an object’s feeling;

by an internal state management unit, managing the
internal state of the object and the internal state of the
user on a basis of the deduced user’s feeling;

an action management unit, determining an action of the
object on a basis of the internal state of the object; and

by an output processing unit, causing the object to per-
form the determined action.
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